or prolactin (Hixon & Clegg, 1969) were reported to maintain normal luteal function in hypophysectomized ewes. In ewes hypophy¬ sectomized approximately 50 days after hysterectomy, administration of both prolactin and LH was required for luteal maintenance (Denamur et ai, 1973) . Both LH and prolactin were also required for extension of the lifespan of corpora lutea in hypophysectomized, uterus-intact ewes from Days 12 to 20 after ovulation and to Day 25 of pregnancy (Schroff, 1971; Schroff et ai, 1971) . In the latter studies, however, corpora lutea in hypophysectomized ewes treated with LH alone were consistently maintained until Day 16 of the oestrous cycle. LH may therefore be sufficient to maintain luteal function throughout the normal oestrous cycle but both LH and prolactin may be necessary for extended luteal function.
Experiments designed to examine the roles of LH and prolactin in support of luteal function in pituitary-intact or hypothalamic-pituitary stalk-disconnected ewes support the conclusion that prolactin has little effect on luteal maintenance during the oestrous cycle (Karsch et ai, 1971; McCracken et ai, 1971; Niswender, 1974; Reimers & Niswender, 1975) . However, because pro¬ lactin cannot be entirely removed from the circulation in pituitary-intact ewes, the possibility remains that low levels of prolactin are critical for luteal function.
The corpora lutea of sheep are composed of steroidogenic and non-steroidogenic cell types (Warbritton, 1934; McClellan et ai, 1975; O'Shea et ai, 1979 O'Shea et ai, , 1980 Fitz et ai, 1982) . The two steroidogenic cell types, small and large luteal cells, differ morphologically, biochemically and func¬ tionally (O'Shea et ai, 1979 (O'Shea et ai, , 1980 Fitz et ai, 1982; Rodgers et ai, 1984) . Small and large luteal cells from normally cyclic ewes have receptors for LH but differ in their response to LH for both production of progesterone (Harrison et ai, 1987) and stimulation of adenylate cyclase (Hoyer & Niswender, 1985) . It has also been suggested that LH and/or hCG can promote differentiation of small steroidogenic luteal cells into large steroidogenic luteal cells (Gamboni et ai, 1984; Farin et ai, 1988 (Niswender, 1973) . In addition, stored homogenates were further centrifuged (30 000 g; 45 min) to obtain membrane fractions which were suspended in 50 mM-Tris-HCl, pH 7-2 with 1 mM-CaCl2 and 1 mM-NaN3 buffer and used to assay unoccupied receptors for LH using the standard curve method (Braden et al., 1986) . Following collection of corpora lutea, hypophysectomized ewes were exsanguinated and the sella turcica examined to assess the completeness of the surgical procedure. Any tissue fragments present were fixed and processed for microscopic evaluation.
Experiment II. Based on the results of Exp. 1 it appeared that the dose of LH used (2 µg/4 h for 7 days) did not support complete luteal development. Therefore, a second experiment was designed utilizing a dose of LH which had supported luteal function in hypothalamic-pituitary stalk-disconnected ewes in a previous study (Niswender et ai, 1986 Radioimmunoassays. Concentrations of LH were measured in 9 radioimmunoassays (Niswender el ai, 1969) . Mean sensitivity was 011 ng/ml and intra-and interassay coefficients of variation were 7% and 17%, respectively.
The standards used was NIH-oLH-S24. Concentrations of progesterone in luteal tissue and serum were measured in an assay (Niswender, 1973) with a sensitivity of 004 ng/ml serum and 0-8ng/mg tissue and intra-and interassay coefficients of variation of 5% and 16%, respectively (« = 5 assays). Sensitivity of the cortisol assay (Hasler et ai, 1976) was 0-85 ng/ml with intra-and interassay coefficients of variation of 10% and 12%, respectively (n = 2 assays).
Morphometric analysis. Morphometric analysis of corpora lutea was performed as described by Farin et (Merriam & Wächter, 1982) . In this program preselected parameters, or G-values, are used to define individual pulses of LH; the G-values selected for the present studies were: (Gl) 7-50, (G2) 5-50, (G3) 2-25, (G4) 1 75 and (G5) 1-30. All data were analysed by one-way analysis of variance. When a significant F-statistic was encountered, means were separated using Duncan's procedure. The presence of heterogeneity of variance was evaluated using methods reported by Cochran (1941) and, when encountered, log transformations of the data were performed to remove heterogeneity before the final data analysis.
Results

Experiment I
The sella turcica was examined for pituitary fragments at the termination of the experiment and none was found. However, two hormonal criteria were also used to evaluate completeness of hypophysectomy. First, concentrations of cortisol in serum had to be non-detectable within 48 h after surgery and remain so for the duration of the experiment. Secondly, concentrations of LH in serum during the period of frequent bleeding on Day 10 or 11 had to be undetectable. The 6 ewes in Group H-LH were considered to be completely hypophysectomized by both criteria.
Treatment of hypophysectomized ewes with 2 µg purified ovine LH at 4-h intervals produced pulses similar in amplitude to endogenous pulses of LH in control ewes ( (Table 2 ). No differences due to treat¬ ment were detected for the weight of corpora lutea or concentrations of progesterone in serum or tissue (P > 0-10; Table 2 ). The concentration of unoccupied receptors for LH was less (P < 010) in luteal tissue from both groups of LH-treated ewes than in saline-treated controls.
Steroidogenic cells occupied a greater proportion of corpora lutea in Group H + LH compared to controls (P < 005; Table 2 ). Treatment with LH was associated with a significant reduction in the volume of extracellular matrix (Table 2) . Although there were no significant differences in the numbers of luteal cells with treatment, administration of LH tended to decrease the ratio of small 11-6 ± l-8a 180 ± 1-9" 566 ± 108a 1-7 + 0-8 
Discussion
Treatment of hypophysectomized ewes with purified LH to mimic endogenous levels during the luteal phase resulted in maintenance of steroidogenic activity in luteal tissue but did not maintain luteal weight, content of progesterone or total number of cells at control levels. It is possible that similar or slightly larger doses of LH administered to the hypophysectomized ewes at 3-h rather than 4-h intervals may have maintained luteal weight at normal values since the frequency of LH pulses in the Group H-LH ewes was slightly lower than that of the control ewes. Treatment with doses of LH sufficient to raise circulating concentrations of LH to at least 14 ng/ml every 4 h effectively maintained luteal function and luteal cell numbers.
Differences in luteal weight between ewes in Groups H-LH, S + LH and S-LH in Exp. 1 can be accounted for by fewer non-steroidogenic cells coupled with fewer numbers of small luteal cells. These data probably infer a lack of continued normal development of the corpora lutea from Group H-LH ewes since the number of small luteal cells at 20 IO6 cells/CL is actually between that found on Day 4 (10 106 cells/CL) and Day 8(40 106 cells/CL) of the oestrous cycle (Farin et ai, 1986 blast growth factor (FGF), a potent angiogenic substance (Jakob et ai, 1977; Gospodarowicz & Thakral, 1978; Gospodarowicz et ai, 1985 Gospodarowicz et ai, , 1986 . In addition, treatment of bovine corpora lutea with LH in vitro increased the secretion of luteal angiogenic factors (Redmer et ai, 1988 (Brunner et ai, 1969; Wagner et ai, 1972; Liptrap & McNally, 1976; Stoebel & Moberg, 1979; Matteri & Moberg, 1982; Li & Wagner, 1983a, b) . Based on in-vitro studies of dispersed bovine pituitary cells, a direct inhibi¬ tory action of cortisol on both basal and stimulated release of LH has been proposed (Li & Wagner, 1983b) . Since elevation of serum concentrations of cortisol will depress pituitary release of LH, it is possible that levels of LH may have been depressed in control ewes in the present studies. However, the levels of cortisol in the Group S-LH and S+ LH ewes did not appear to be excessive compared to those associated with LH suppression as reported for cattle.
We have previously reported that large doses of LH can induce the differentiation of small luteal cells into large luteal cells (Farin et ai, 1988 (Kaltenbach et ai, 1968; Schroff et ai, 1971) or hysterectomized, hypophysectomized ewes (Denamur et ai, 1973) . The degree of purity for the preparations used in the early studies was far less than that for the LH preparation used in the studies presented herein. It is possible that the procedures used to purify the LH for the early studies could have reduced the biological activity of the preparations, making them ineffective when administered in vivo. In addition, there was no attempt in these early studies to mimic normal luteal phase levels or patterns of LH in serum. Finally, because these early studies were investigating the ability of various pituitary hormone preparations to prevent luteal regression (Kaltenbach et ai, 1968) or support the function of aged corpora lutea in the absence of the uterus (Denamur et ai, 1973) , their results cannot be directly reconciled with those presented here. The results from the present study are consistent with the hypothesis that LH is the only hypophysial hormone required for the support of luteal development and function in the uterusintact, normally cyclic ewe.
